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INTRODUCTION 
Optometric case analysis as used in practice and taught 
in the schools of optometry involves, in p~rt, a mechanical 
procedure such as that.proposed by the Optometric Extension 
Program or various methods of graphical representation. These 
results combined with other case findings and case history 
serve as a basis for diagnosis and therapy. This mechanical 
procedure is often neglected in an active practice because of 
the time limitations. 
It is the purpose of this study to see (1) if the 
mechanics of the Optometric Extension Program Case Analysis 
can be programmed for a computer, (2} if' the results are 
comparable, (3) if' the saving in time is appreciable and, 
(4) if a shortened program will give essentially the same 
results with an additional saving of time. 
The advantages of high speed data processing would be 
made available to the optometrist. These adva~tages include 
speed, accuracy, reliability, and lack of variable bias. 
Increased thoroughness of case analysis would lead to better 
optometric care for the public. 
Because of the nature of the study, the highly -
specialized computer terms used in this report will be 
defined on page lJ for the convenience of the reader. 
REVIEW OF THE LITERATURE 
Very little has been written in regard to the use of 
computers in the field of optometry. More has been written 
in other health fields, showing the importance of computer 
assistance • . Only a brief summary of the uses of a computer 
in the health professions and, specifically, the field of 
optometry will be given here~ 
Already the computer is making an impact on modern 
medicine In 1963, an automated record-keeping system was 
2 
introduced into the Diabetic clinic of the University Hospitals 
of Cleveland. A broad general picture of the patient is 
obtained with this system. In addition to its ob~ious 
clinical importance, research and storage of the records by 
the computer are also made available. 1 Another record-keeping 
system was developed for organization and storage oT the 
literature. This was developed because the professional could 
no longer depend on his own memory t~ recall the relevant 
material due to the vast amount of printed material. The 
importance of this system is in the time saved in searchin~ 
the literature indicies. The prediction of every point of 
view necessary for an adequate analysis inhibits the organiza-
tion of material fed into the computer. 2 
The computer has already shown its importance in the 
area of medical research. Rapid analysis and display of the 
experimental data is made possible. Testing theory of 
/ .n 
mathematical models can be done with the computer. 3 The 
computer can accomplish the following: 
1. 
2. 
3. 
4. 
Produce a list of possible diagnoses consistent 
with the medical knowledee for a given set of 
symptoms. 
Indicate further diagnostic tests. 
Calculate the probabilities for alternative 
diagnostic possibilities. 
Enable a more precise statement and analysis of 4 the decision associated with treatment planning. 
International Business Machines (IBM) already has new 
programs such as Shared Laboratory Information Systems which 
organizes doctors' orders for tests, validates the results, 
prints test reports, and posts charges to the patients' accounts. 
A similar program is International Business Machines' Sh~red 
. 5 
Ho~pital Accounting System (Shas). 
"If one general conclusion is possible, it is the 
statement that no computer will attain an M.D. degree nor 
replace a single physician. Any doctor wh.o can be replaced 
6 by a machine, deserves to be _replaced. 11 
.It takes little imagination to forsee how the computer 
can have the same in1pact in the field of optometry as it has 
r 
\ 
on the medical professions. Dr. Marg and his associates at 
the School of Optometry in Berkeley, California, have worked 
on computer assisted opthalmic refraction. A flow chart of 
the basic program can perhaps best explain their work. 7 
Case History ----- Visual Acuity ----- Subjective 
R~fraction ----- Print-out (Summary of . case history, summary 
of visual acuities, and computer recommended prescription). 
4 
The contact lens field has also made use of computer 
assistance. A pro~uct called Compucon is the trade name for 
an aspheric contact lens. It makes use of an adaptor that 
takes peripheral keratometric findings with central fixation. 
The keratometry findings are processed and a prescription is ~ 
arrived at by the computer. 8 
THE EQUIPMENT USED 
The type of equipment chosen was the IBM 1130 scientific 
computer, ma_inly because of 1 ts availability. This computer 
has a medium sized ope~atine core. The model used had 8,000 
bytes of core. Each byte consists of two 16 bit words. A 
number can be stored in each byte. This could be any number 
from -1038 to +1038 t~ an accuracy of eight significant figures , 
A single instruction takes one or more bytes of core. Iriput 
can come from either a card reader, electric typewriter, or 
punched paper tape. Output may be a line printer, electric 
typewriter, or a Calcomp Plotter. 
Another computer used was a time share computer. A 
time share system usually has a large computer with very high 
speed operation. The core size usually exceeds 60,000 bytes. 
The peripheral storage on magnetic disc or drums is also 
vastly greater than a batch processing computer. A typical 
figure is one half billion bytes. This is needed to store the 
computer programs needed by the many users. The speed of 
operation depends on the number of users operating at a given 
.time. The system used in this study was the TYN share computer. 
The program was written in fortran which is a laneuage 
that closely resembles the language ~f mathematics. The 
language is problem-oriented and provides a method of communi-
cation with a computer that is more familiar and easier to 
6 
learn than actual computer language. The basic elements are 
constants, variables, arrays and subscripts, expressions, and 
statements. 
-:--·e 
·. 
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CASES USED 
They consisted of twenty specially selected illustrative 
cases. They included hyperopes, myopes, emmetropes, presbyopes, 
astigmats, and pathological types. Accommodative cases 
(Bi and B2 types) in a variety of degenerations were included 
as well as convergence cases (C types). All the cases selected 
were based on the standard routine and method of case analysis, 
with minor variations, as proposed by Nanas.9 These cases are 
used in a course in case analysis at Pacific University and 
are meant to give a good sampling of the variety of cases 
encountered in clinical practice. They have been carefully 
analyzed by the instructor and several classes of students. 
Proper editing of the program should result in the conputer 
analysis producing the same results as those established for 
these cases. 
THE .ANALYSIS PROGRJ\M.MED IN A LONG AND SHORT VERSION 
Long Form 
The purpose of this version was to ~ssentially dupli-
cate the non-judgemental aspects of OEP case analysis. The 
print-out or results .thus conform closely to the Pacific 
University case calculation form. These are: 
1. The 1/2 nets. 
2. The #19, 20, and 21 nets. 
J. The #5, 14A, and 14B nets. 
4. The pathology or #1 chain. 
,5. The physiology or # 2 chain. 
6. The informative sequence. 
7. The case type and degeneration. 
8. The equilibrium pattern. 
9. The minimum and/or maximum plus at near. 
10. The acceptance or rejection of the near nets. 
11. N.S.D.A. '""' 
12. The corrective framework consisting of the not 
over and not under at far and near. \ 
lJ. If the standard framework gives inadequate plus 
at near, a f8ecial presbyopic framework devised 
by Dr. Jans is printed in its place. 
14. The mandate based on the auctions follows the 
corrective framework. 
lS. The organization or embeddedness of the case 
conclude the computer case analysis. 
During the development of' the programming, numerous 
8 
revisions were required. Due to the large size of the program, 
correction of some errors occasionally lead to creation of new 
errors • . To reduce the effect of program changes on otl)er 
areas of the program, it was broken down to a main program 
. and five sub programs. 
The main program calls the sub programs, accepts the 
input dat~, does the printing out and does the case typing 
9 
and the organization or embeddedness. This part of the program 
is labeled OEP 1. 
The five sub programs are labeled OEP 2, 3, 4, 5, and 6. 
They include in order: 
OEP 2. 
OEP J. 
OEP 4. 
OEP S. 
OEP 6. 
Short Form 
Calculation of the number 2 nets. 
The numbers 5, 14A, 14B nets. 
The high or lows of the analytical findings. 
The. equilibrium :findings and M.S.D • .A. 
The corrective framework. 
A shortened form .of OEP was written for use with time 
sharing and small computers having a 200 instruction limit. 
It has an abbreviated output and lacks some of the special 
rules that are in the long form. The computer prints out: 
1. The near nets. 
2. Low analytical findings. 
3. Abbreviated equilibrium findings. 
4. The corrective framework. 
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PROGRA:;o~•iING RESULTS 
To illustrate the programming results 0£- this study, 
a sample copy of' the long and short form print-out is given 
below. 
Long :rorm 
NUMBER 14 AGE is. MALE NOe 1 -0.25 
. . 
'"·;-----·- ·---·-·--··--·-··-··-·-;-- ---····---- ·· - ---- --...- - -- -·- ·--·-·--·--·------ --·------·-
OeSe DOMINANT 
--~-·-·-··----·-- "" .... ----- -·---···---·-- -----~-·--~..:....,.----·------~·- ... -~·-----------------
NET NO. 2 o.o. -0.12 x1ao. o.s. o.oo x 90. 
NET 19 6e50 NET 20 -4100 NET 21 2100 
5------- ------~-- --- --- ·- -- ---------·-·~ - -------------------- ·-------·--------------------------------------------------------·---
NET 5 -o.75 . NET l4A -1.so NET 146 -1.00 
·-·--··--- -·- ·· -- ·-·-··~-----------· - ----- ----------
CHAIN N01 l 0 0 8 1011 0 1617 
CHAIN N01 2 3 0 0 0 8 9 13 lS 
------·---·----·---- ---- -- ----·····- -- ----··----- - o----·-·· ·o --·-- 5----- o o - - o -- · 10 --·-- o--· · .. 14-- -- ·16------------ ---------·-
-~- ·-·-- -- INFORMATIVE SEQUENCE 0( 0 15> 0 15 l 7 A - 2 0 19----·--------.. ---~----
16 A 21 o. 7( 5 0 10 16) 0 14 
CASE TYPE C 
EQUILIBRIUM FINDINGS 
148 NET EQUALll• i: _____ ______ _ NEAR 
THRU 
CONTROL 
o.oo 
6100 
l6t00 
-4.00 
HABITUAL l4A NET 
o.oo - -1.50 ·--· - l • 00 . -·-·--- -·-- ·- --- _____ , __ _ - ·-------------··--~--·- ---- ·- ---- -- ------- ... -- -- ---· 
- 2 .oo . 
6000 12100 
16100 10100 
-4.00 -2.50 
2.00 - 3.50 
10100 -1.25 
l 2 .. 0 0 -1 • 2 5 ••  - ___ ...., __ -- - ----H------.. ------- - -----~ - -----------
-3. o o -1.00 
3 • 0 0 -1. 00 ------. ------------~---
---- -·----------- - HABITUAL --- 14A NET -- 146 NET -- ··---:----·- -- --------.----------------------------------·----
17 20 16 21 
---·-· ·----- -- ---- 16 .. 21 -- 17 --· 20 -
17 2021 
16 ·-·- .. 21 · ·-------- ----- ----------------·-----------··:---------------
14A NET REJECTED ·--·------------ --------------- -·· 
148 NET ACCEPTED 
• _, .. _ ___ - - ·--------- - ··---- --- -··-------···---· - - --------~-------·- -·- --·- · - ---- .-..:..! _ _ ,;,.. __ ...,. _ _ __ - _ .... :__ - -- - - ·- - ------ ----------- ..:.,. ____________ .. _______ _ 
MSDA RULE NOe ' 8 
: ~ -----------·-- --~ - - -· ··· - - -- :· - -.---- .... ---·- ·- ~ · -· ------- - ---- - ------ -~--··-- -· -·---------.--- ..... --------------~---------- --------- .... --------------------
M1S1DeA• -0125 AND -0125 
21 ------ - .... - .. - -· ---- ···------.- ----·- - .. --.. ·---·-·-~· ·-.-· ----~··-· ... --- ------~ ....... ____ __ ..._._.. __ '"" _______ . 
CORRECTIVE FRAMEWORK FAR AND NEAR 
---·- ... ·--····- NOT OVER -a.sos o.ooc x -· -o. AND -a.sos- o.ooc x - 0. -----------------------· 
NOT UNDER -0175S o.ooc x o. AND -o.1ss o.ooc x o. 
NOT OVER -o.2ss o.occ x O• AND -o.2ss o.ooc x o. ·---------·--- ..... -·--·--- .... ----·---· 
NOT UNDER -o.zss o.ooc x o. AND -0125S o.ooc x o. 
" 
.. ----------·-------------·---· - - ·· ··--··-------~------ ... ·..-- -------
REDUCE THE MANIFEST PLUS AT ALL POINTS 
Ill';;----·--·------ .. - --··-- ---· - --------- --- -- ---· - .... - ·-·---·---·------···----··-·-----··-------·- - - - ·-------··-----·---·-·------ -----
OR GAN I ZED 4 0 0 11 14 0 1920 , . 
DISORGANIZED 0 9 10 0 0 16--·- -- o -- .. --·------------·-·- ------------- --- .::::._ ___________________ _ 
r 
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The number of fortran statements needed to program the 
long form totaled 682. It takes about one minute per case to 
punch out the data on a card, 45 seconds to transfer the 
program from peripheral disk storage to core memory of the 
IBM 1130, and another JO seconds per case to calculate and 
print out the analysis for the long :form. The results of the 
long form are identical to those found by conventional methods 
of' analysis. Leased time on an IBN 1130 would bring the cost 
to approximately fifty cents per case. 
Short :form 
NUMBER 14 AGE l 5 NO• 7 -0.25 
--------------- ------ ---·-····----·· ------·~ ·- ·-- ··-~--------- -----·-- ------ -- ·· ---~----·--- ----
NET 5, 20• AND 21 ARE 
·· .. - -· -- ---···--·- ···· · · - -0.75 
l4At 
-1.50 
14Bt 
-1.00 
19t 
6.50 -4 • 00 2 • 00 ... --- . - - ---- -·- - --- - -- - --- --· -·· . ..... - - -- --
-----·-- - - - - - · LOW FINDINGS 10 14 
PLUS TO EQUAL - MIN+ · -
-l.25 -1.00 -1.00 (-------- ----------·--· ··- -·--·----··- - -· ·· - · · ··-
2 l . -· - - 0 - -- -- --- --- ~--- ---- - -- -- - - - -·· - -- --- -~- ·- ---- -
MAX+ -·- --· MS DA -- ---
0e00 -0.25 
CORR. FRAMEWORK -0.50 -0.75 -0.25 .;.;0.25 
-· ·- - - - - - - -- - - - - - -- - - - - ---- - -~----·- - ·- -- ·- -· ·- - - - - · ···- - - - - - - - - - - - - - - - - ·- .. .. - - - :... - - - - ·- - - - - - ~ -- -· - - .. - . _ _,,, --- ~ - -- ~ - - - --- - • •ff - ·- - --- --- ,.. __ __ - -----
The time needed for the same twenty cases with the 
shortened version is 30 seconds per case with a time share 
system and 10 seconds per case with the IBM llJO. The number 
of fortran statements needed for the short form totaled 196. 
The cost per ~ase for this form would be approximately 
thirty-three cents on the time share and about six cents on 
the IBM llJO. 
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SUMMARY AND CONCLUSIONS 
The study demonstrated that the mechanical aspects of 
OEP case analysis can be programmed. Further, we have shown 
that the results are identical to those arrived at by the 
conventional method. The saving in time is quite substantial. 
Although the short form represented a significant saving in 
time and resulted in the same recommended lens prescription 
as the lorig form, it failed to provide certain pertinent 
information about the status of the case such as: 
1. The #2 nets (ophthalmometer findings as modified 
by Javals rule). 
2. Chains 1 and 2 and the informative sequence are 
condensed into low findings. 
:3. The print-out of the equilibrium pattern is1 
condensed into plus to equalize and the minimum 
and maximum+. It excludes a ~tatement of the 
M.S.D.A. rule, and whether the near nets are 
accepted or rejected. 
4. The corrective framework prints out the sphere 
only and excludes the mandate for lens application. 
S. The organization and disorganized is omitted 
completely. 
Experience in programming indicated that changes in 
concept and/or procedure in this particular method of case 
analysis could easily be incorporated in the existing program 
without an extensive ievision. It also became apparent that 
any other clearly and logically formulated method of case 
analysis could be programmed. 
DE:b' INlTION OF TERMS 
IBM 1130 Computer - A small batch processing computer. A 
magnetic disc is used for peripheral storage. 
lJ 
Batch Processin~ - The operation of a computer with one user 
and the completion of one job at a time. 
Fortran (Formula Translation) - The IBN programming language 
developed for converting mathematical expressions into_ 
computer instructions. 
Time Share Com;euter (TYM Share Computer) - Many can be using 
the computer simultaneously. User access is usually 
by way of telephone and a teletype terminal. 
Telet~Ee Termina~ - An electric typewriter which can be 
operated by an audible tone of varying pitch. Its 
maximum rate is ten characters per second. 
Calcomp ~~otter - Prints out a graph on x nnd y coordinates. 
Card Reader ~ A computer input device which accepts punched 
IB1'1 cards as computer instructions. 
Line Printer - A computer output device which prints entire 
lines of letters and numbers. The speed may be one 
line per second consisting of up to 120 characters. 
Core - The high speed memory of the computer. Access to any 
bit of the core memory takes about a micro second or 
less. 
Peripheral Storage ~ It has slower access time than core 
memory but has a greater capacity. 
A set of bits (usually 16 or 24) in which an instruc-
tion or a number may be stored. 
~ - A single memory element of the computer. It can be 
either on or off. Its use results in binary arithmetic. 
O.E.P. - Optometric Extension Program. 
M.S.D.A. - Maximum spherical dioptric acceptance (at near). 
- .. ... 14 
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